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Week 7 Lecture 2
Summary

« Section notes

— Slides 3-6 — In-class talk criteria

— Slides 7-25 — Insulated Gate Bipolar
Transistors (IGBTs)

— Slides 26-28 — IGBT applications

— Slide 29-44 IGBT switch characteristics
— Slides 45-46 —Homework problem 4.7
— Slides 47-52 — Switching efficiencies

— Slides 53-57 — Varistors
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Summary of chapter 4

eal switch can be maltzad ualng samnmnductur devices 9’5:' 1
e devices must block in the

in the un -slate.
2 ﬁ%ﬂ SPST swilches can be realized using a singleJggaiajor or |,y
a sing , depending on the relative polarities of the off-state voltage j !
and on-state currant.
'f\“ 3. Iwo-guadrant SPST switches can be realized using ajansistorand diode, ﬂ?,"f
connected in ggrigs (bidirectional-voltage) or in gati-paualle! (bidirectional- } e
current). Several four-quadrant schemes are also listed here.

4. A “synchronous rectifier” is a MOSFET connected to conduct reverse [ 1
current, with gate drive control as necessary. This device can be used o
where a diode would otherwise be required. Wnﬂyﬁ
low Rk, is used, reduced conduction loss is o Vc,
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4.2.4. The Insulated Gate Bipolar Transistor (IGBT)
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Fig. 2. IGBT builds on bipolar and MOSFET design. An IGBT employs (fth bipolar and MOSFET
building blocks (a); consequently, IGBT current, shown in IGBT ON state (b), comprises both

EM and rM__QSFEI currents.
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IGBTs MOSFETs IGBT MOSFET
Preferred Preferred Applications Applications

o
Small Iina orload | Wide Ima or load
L l White

Table. /GBTs versus MOSFETs,
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ig. 1. On-State Model of IGBT.
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Fig. 4. APT30GP60B on-state voltage vs. current
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DTS_2012T IGBT TESTER
IGBT BSM75GB1 200N2ISIEMENS)
Breakdown voltage (Vig](V] 1237
Threshold voltage (Vyl(V) 5. 517
Oxide thickness (to)inm) 85
Or_state voltage [V] 3. 1651, = 754, Vg = 12 V)
Turn_on logs (mi) 16. 16
Tum,_off logs (mj) 7.58
Alem?) - 1.198 x 1. 198




Collector
elecirode (c) Wide-cell pitch trench gate IGBT

- p n
n= M=
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(b) Narrow cell pitch CSTBT alecirode (d) Wide cell pitch CSTBT

i9.5. IGBT chip structure comparison: a. Conventional trench gate IGBT; b. Narrow cell pitch
-STBT; c. Wide cell pitch trench gate IGBT; d. Wide cell pitch CSTBT.







Conclusions: IGBT
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Whde use

« Becoming the device of choice in 500-1700V applications, at M# ats

eoweLISYRIS QLI I000KW
» Positive temperature coefficient at high current —e —easy to parallel 1‘“"’5}’
and construct modules

» Forward voltage drop: diode in series with un-rasi ‘Voﬂ

_ typical
« Easy to drive —similar to MOSFET

» Slower than MOSFET, but faster than Darlington, GTO, SCR
« Typical switching frequencies: 3-30kHz 10KV
« |GBT technology is rapidly advancing —next generation; 2500V e 7 “"g
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Characteristics of several commercial devices
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Summary of chapter 4
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5. Majori Ti ices, including the M and diode, exhibit
ﬁ:aﬂ]th. controlied esaan t& y by the ::Earglng of the l

evice capacitances. However, the forward voltage drops of these dauioas
incraasas quickly wlth mcr&asmg breakdown voltage. 'V‘:

a:s‘_}

controlled by e Tmeg ne 3 insert or remove stored minority charge. ‘b4 b
7. EEEWE IS Jost during switching Ligasitions, due to a variety of mechanisms. ‘m”
& rasulting average power loss, or switching loss, is equal to this gnergy nt‘
lo Itiplied witching f y. Swilching loss imposes an
upper limit on the 3w1tc ing frequencies of practical converters.

" Fundamentals of Power Elecironics ' it Chapier 4: Switch realization



UPE.-. %‘z;ﬁ _ﬁﬁr‘h‘h‘g\ nt7

. 1keoh
alltime Hiﬂﬁ'l E 'ng'l'h' )

l-—— | Amplitude —--,

—

Leading-Edge Trailing-Edge
Jitter

' Jitter
Masks define the am

plitude, risetime, falltime, and
jitter for pulses in telecom networks.




() oM ts off Aransitian "L load
Uuss = % okl Low

wﬂﬂ“ - Tﬁ.bﬂﬁ * W gt
'31',{"\‘1.7 oSt uMmMes IL haﬂy +M ng—,

‘H""

Fig _?b Voltage and Current
Wavefaorms with Inductive Loading




(X) ON Yo otk Trapsikian R \oad

[‘é; Vo Iaﬂ] - ?MS
C?'!Lrv.f.::-"t ot = w“{“’“

Fig j’u. Yoltage and Current | oo
Waveforms with Resistive Loading J




Yott dve Xa 4len) L) acamy

160V In, 400y, 23A, Duty = 60% Tokal Loss

150 kHz O Jostst

180 =g Sy gp?—f— e
160 +"0‘“ - b ow o ‘:“?:J?‘.;k

) Loss os

Poff




Lad
Vs

o ot
| ’ L Reequird

.

Sy ———
|
; _ .
i. . - i T P ..1
: Ulirafast ©. Sandamd I
:  Tumepiftee . i

Fig. 1. Turn-off time for an IGBT is a function ofits
coffector-emitter voltage V. ) Ultrafast iGBTs have
shorter dirn-off times than standard-speed iGRT:,



ce wﬁ m&:ﬂk{:ﬂwg‘.mﬂ:ﬂ' _._'"



Iﬁﬁ |

Il

L O o L O i LML L |"T"'II"§I|TT e el EE il T EE T
__________‘\
V
CE MA_
0
1\\'{,‘3
Ic, - f
I’*u’o I — #f
T e 200A/div.
Vog: S00V/dv. g
i’ VCE'.ZWMW. a
Time: 1 psec/div.
P | Now '-['m
N oy

Sigure 11. Turn-off waveforms of trench IGBT. Document Toshiba from [13]

L



. L. )
Lﬂﬂj \11[1:-3 Lj:é'b'l"

Curctewtr an)

—>t,




WirsY Faatvwe FPom oY

e

, . Current tailing in IGBTs
'f"‘lﬁl'ﬁik M!_;:s o aAl -~ o lowa anc
ST ¢ 4o 1'5’ t
i B
¢ ow Tt

sl

- G ‘.-1..-"“ = _.Iv:_"r:'
._|- R AN
iy I, u“

- Fundamentals of Power Electronics ' 51 1 "'1' E"‘ﬁ&ﬁ swmumi:ﬁ#



U:‘-_.vc,- Fﬂa,';.-,,-.: i:ci\,.—wwf'l,_iu\j f.-h-'_‘:a?f_.




Conclusions: IGBT

AV

« Becoming the device of choice in 500 to 17p08V+ applications, at
power lavels of 1-1000kW

» Positive temperature coefficient at high current —easy 1o parallel
and construct modules

« Forward voltage drop: diode in series with on-resistance. 2-4V
typical
» Easy to drive —similar lo MOSFET
« Slower than MOSFET, but faster than Darlington, GTO, SCR
« Typical switching frequencies: 3-30kHz
» |IGBT technology is rapidly advancing:
s 3300V devices: HVIGBTs
» 150 kHz switching frequencias in 00 V devices
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Switching loss due to current-tailing in IGBT
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Current tailing in IGBTs
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Fig. 1. Cross fﬁon of DMOSFET power transistor shows i
resistive comjponents: the.channel resistance, the inheren
JFH' resistance and the drift resistance that combine to
h-
produce a relatively high on-resistance.
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" Fig. 2. Comparison of 1200-V SiC DMOSFET and 1200-V Si IGBT
efficiencies in a three-phase inverter shows that at the same

voltage rating, the higher-efficiency siC DMOSFETs provide a
st ~io €1 ICRT rouinterparts.”’
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Fig. 6. A 10-kV SiC MOSFET running at 20 kHz and dissipating
600 W exhibited about 1.5-us drain current turn-off transient,’®
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’ 25-A IGBT
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4. Efficiency profile comparison at 67 kHz shows a higher
- efficiency at 3-kW output and throughout the entire

1d curve, as well as a case-temperature reduction with the
ISFETs relative to the IGRT< &1
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Fig. 4. Suppression directly across mains.




Fig.5. Protection of a thyristor bridge in a washing machine.

To drum motor




Fig. 6. Varistors used to suppress internally
generated spikes in a TV application.



